Israel's biological diversity has been praised as being particularly rich in relation to its size; however this assumption was never tested when taking into account the empirical form of the species-area relationship. Here we compared the species richness of different countries to see if the Israeli diversity is exceptionally rich when area is accurately accounted for. We compared richness of amphibians, birds, mammals, reptiles, flowering plants, conifers and cycads, and ferns in all the world's countries. We further tested the effects of mean latitude, altitude span, and insularity on species richness both for all world countries and just for Mediterranean countries. For all taxa and in all tests, Israel lies within the prediction intervals of the models. Out of 42 tests, Israel's residuals lie in the upper decile of positive residuals once: for reptiles, when compared to all world countries, taking all predicting factors into account. Using only countries larger than 1000 km 2 , Israel was placed as top residual when compared to other Mediterranean countries for mammals and reptiles. We therefore conclude that Israel's species richness does not significantly exceed the expected values for a country its size. This is true when comparing it to either world or just Mediterranean countries. Adding more predicting factors does not change this fact.
INTRODUCTION
Identifying regions that hold high biological diversity is extremely important in conservation biology planning (Myers, 1988; Reid, 1998) . Once such regions are identified, they can be better protected. However, despite a large body of work on this topic there are still many discrepancies between different researchers on the best methods to identify such hotspots, and consequently the regions they identify as holding high biodiversity (Ferrier, 2002; Mace et el., 2000; Brummit and Nic Lughadha, 2003; Myers, 2003; Whittaker at al., 2005 ; and references therein). For example, the Mediterranean basin is considered a biodiversity hotspot by some authors (Olsen and Dinerstein, 1998; Myers et al., 2000) but is not defined as such by others (Orme et al., 2005; Ulrich and Buszko, 2005) .
Travelers and scientists over the years have often claimed that Israel has a particularly high biological diversity in relation to its area. Henry Baker Tristram was, perhaps, the first person to scientifically survey Israel's biodiversity in the middle of the ninetieth century (Tristram 1885) . In the introduction to one of the books detailing his expeditions he states:
In the geographical position and the geology of Palestine, we find special reasons why the consideration of its Fauna and Flora is exceptionally important; and a detailed examination discloses results even more interesting than could have been expected from the peculiar position of that region as an outlying portion of the great Palaearctic region. (Tristram, 1885, Preface p. i) This idea was later mirrored by Aharoni (1929) , who wrote that:
...this little Palestine… is a true miraculum mundi not only on account of its peculiar historical importance but also because of its unique fauna. I do not know so small a country anywhere on the globe which counts so many forms of animals among its exclusive and special natural production.
This belief of biological grandeur was echoed throughout the twentieth century, for example with regards to plants and reptiles in the volume dealing with Israel's natural conditions of the Hebrew Encyclopedia (Netanyahu, 1957) . In the introduction to their book about the zoogeography of Israel, Tchernov and Yom-Tov (1988) , state that:
The great diversity of the Levantine biota may be exemplified even within the boundaries of the small area of Israel which greatly surpass any similar areas anywhere in the Palaearctic or Nearctic regions. It might be considered as one of the richest and most diverse natural regions in the temperate regions of the world relative to its size.
This extraordinarily high species richness (= gamma or regional diversity) was thought to come about mainly through the effects of high species turnover between biogeographic units along climatic and edaphic gradients (Netanyahu, 1957; Tchernov and Yom-Tov, 1988) . In other words, a high beta diversity (species turnover), rather than a high local richness (= alpha diversity), is the cause of Israel's high regional diversity. However, to date, this basic assumption was never explicitly tested, or even supported by large comparative datasets. Another hypothesis is that the location of Israel, in an intercontinental crossroads, somehow also contributes to its high species richness, although whether this affects beta or alpha diversity was never clearly stated (Tchernov and Yom-Tov, 1988) .
The idea of high species richness was seldom backed by quantitative data. Alon (1990) , in his introduction to the comprehensive encyclopedia of the fauna and flora of Israel, also coveys this idea. He displays two tables with bird and plant species numbers and respective areas for Israel and several large countries (e.g., Table 1 ). He calculates the simple ratio of species (S) to area (A) to show that Israel has a higher species density than all other countries in his sample. This might seem a reasonable conclusion if the expected species number a region holds increases linearly with area (i.e., if S = cA where c is a constant). If that were the case, doubling a region's area would correspond to doubling the number of species present, and the ratio of species to area (S/A) would remain unchanged. The number of species in a region, however, does not increase linearly with area.
It has commonly been accepted for many decades that the species-area relationship takes the form of a power function
where the coefficient c and the exponent z are constants (Arrhenius, 1921) . That is, although we can expect larger areas to contain more species, the species-area relationship follows a power law (z ≠ 1) rather than being linear (z = 1). Furthermore, the empirical value of the exponent z is nearly always less than one, usually ranging from 0.15 to 0.35 (Preston, 1962; MacArthur and Wilson, 1967; Rosenzweig, 1995) .
In a realistic regime where z < 1, the ratio of species numbers to area is S/A = cA (z-1) and thus S/A will invariably decrease with increasing area. In Alon's (1990) Table 1 ). Therefore his comparison based on S/A gives misleading conclusions.
Here we test whether Israel is indeed characterized by exceptionally high species richness for its size, while taking into account the species-area power-law relationship. We further account for other parameters known to be correlated with species richness: Modified from Alon (1990) .
latitude, altitudinal diversity, and insularity (e.g., Lomolino et al., 2005) to examine whether Israel stands out after this correction.
METHODS
We collected data on species richness per country for amphibians, birds, mammals, reptiles, fishes, flowering plants, conifers and cycads (treated together), and ferns from the Earthtrends website (earthtrends.wri.org/) ( Table 1A in the Appendix). Israel's conifer and cycad species number is not included in the Earthtrends database, and was thus obtained from Heller and Livne (1982) . Since fish species numbers did not show a significant species-area relationship (R 2 = 0.0006; p-value = 0.73) they were withdrawn from all further analysis. The United Nations web-site (www.un.org) provided data regarding country area. Species richness (S) and area (A) data were log-transformed in order to obtain a linear fit in the regressions of log (S) versus log (A) in accordance with eq 1. We also recorded the latitude mid-point, total altitude span, and its classification as an island or a mainland for each country. Analyses were conducted both for all world countries (for which there are data for each taxon), and separately for countries with Mediterranean climates, sharing Israel's largest biome. Mediterranean countries (n = 18) were categorized as those encompassing a Mediterranean climate in at least 25% of their area. Israel's value is 32% (categorization of Mediterranean climate was based on WWF global 200 database http://www.worldwildlife.org/science/ecoregions/global200.html).
We conducted an ordinary least squares (OLS) regression between (Log) species numbers and (Log) area per country for each taxon. For each test the prediction limits (Zar, 1999) of the model were calculated for a country of Israel's size, and we checked whether Israel's observed richness falls within these limits. The prediction limits enable us to know, with a probability of 95%, if a particular countries' species number is explained by the regression line of all countries' species richness. We then conducted a ranks analysis on all of the studentized residuals of countries from the regression fit, separating positive and negative residuals. Positive residuals were assigned to the top decile, top quartile, top half and bottom half positive residual (residuals were always assigned to the highest possible category they could belong to). Negative residuals were categorized accordingly to: lower decile, lower quartile, lower half, and top half negative residual.
In another analysis, mean latitude, altitude span, and insularity were added sequentially while performing a multiple regression analysis and in the final stage analysis of covariance (ANCOVA). The relative diversity of Israel was assessed with respect to the prediction limits for a country of its size and the location of its studentized residual when compared to other countries.
For each analysis, we divided Israel's residual rank by the number of all positive or negative residuals (depending on Israel's residual placement) in the test. This figure (given as a percentage) was than averaged between analyses to obtain an averaged percentile in which Israel should be placed with respect to the model's prediction.
We also conducted the analysis of (Log) area versus (Log) species examining just countries that have an area of more than 1000 km 2 . This was done as there has been criticism as to the linearity of the power-function species-area curve at smaller scales (Lomolino, 2000; Losos and Schluter, 2000) . We conducted this analysis on all taxa both for all countries and just for those harboring Mediterranean climates.
Countries with zero values for a particular taxon were omitted from the analysis for this taxon, because we suspect this may represents false absences (e.g., Israel's conifers and cycads). All in all, we conducted 42 analyses: for seven taxa, each time against just area or with all predicting factors. This was carried out for all world countries, for Mediterranean countries, and repeated for countries with an area larger than 1000 km 2 (for the analysis of countries larger than 1000 km 2 the ANCOVA procedure was not conducted).
RESULTS
When examining all countries, Israel was placed in the upper decile of residuals only once (in 28 tests): in the reptile ANCOVA (Table 2) . Across all analyses (of countries of all sizes), Israel's residual average rank value is the 77th percentile of positive residuals (or 23 percent "above the line"), with a standard deviation of 61%. Compared to world countries this value is in the 69±58 percentile of positive residuals, and for Mediterranean countries it is in the 84±65 percentile of positive residuals. Thus although Israel's diversity lies, on average, above the regression line, it is by no means significantly above it.
Of our 42 regressions and ANCOVA analyses, 40 were significant (Tables 3, 4) ; the two non-significant regressions were for Mediterranean countries, after omitting smaller Table 2 Placement of Israel's residual compared to all other residuals-for countries of all sizes. Positive and negative residuals are treated separately. Positive residuals were assigned to: upper decile, upper quartile, upper half and bottom half positive residual-categorized as "above line" (the residual was assigned to the top most possible category). Bottom residuals were categorized accordingly to: lower decile, lower quartile, lower half and top half negative residual-categorized as "below line". Tests are divided between taxa, linear regression and ANCOVA and analysis on all world countries or just Mediterranean ones Looking at all world countries larger than 1000 km 2 did not change Israel's placement. For all taxa, Israel's value was never outside the prediction limits of the model and its residual was never ranked in the upper decile (Table 4) . Repeating this analysis for Mediterranean countries gave some interesting results. This analysis placed Israel as the country with the highest residual (out of this smaller country list of 9 to 12 countries) for three taxa-mammals, reptiles, and birds (Table 4 ). The regressions, however, were not significant for birds (or for conifers and cycads).
DISCUSSION
The regular increase of species number with increasing area has been described as one of community ecology's few genuine laws (e.g., Schoener, 1976) . That this relationship is not linear is common knowledge since the work of Arrhenius (1921, and possibly even earlier: Watson 1835) . Much debate in the literature has dealt with the correct function of this relationship pertaining to different datasets (Rosenzweig, 1992 (Rosenzweig, , 1995 Gray et al., 2004 ; Scheiner 2004; Guilhaumon et al., 2008) . Scheiner (2003) claims that the powerlaw relationship is particularly appropriate for discrete regions of varying sizes, and is thus suitable for different countries. Failing to take into account the non-linearity of species accumulation with area has been noted by several authors as a problem that can easily lead to erroneous conclusions (Brummitt and Lughadha 2003, Ovadia 2003) . To date, claims that Israel has an exceptionally diverse biota have neglected to take this nonlinearity into account. As spe- cies per unit area was the measure of diversity in these works, and as Israel was always compared to larger countries, it is unsurprising that it emerged as particularly species rich. Correctly accounting for the non-linearity of species-area relationships we find that Israeli richness is well within the prediction limits for a country its size; or for its size, latitude, and altitudinal range.
We used several statistical methods, added various predicting parameters, and conducted the analysis separately on all world countries or just those with Mediterranean climates, and Israel failed to stand out in any of them. Only once (of the 28 tests taking countries of all sizes into account), was Israel placed in the upper decile of residuals: namely, when comparing its reptile richness to that of all the world's countries in the ANCOVA analysis-accounting for area, latitude, and altitudinal range. Even just among countries larger than 1000 km 2 Israel does not stand out, except when compared to Mediterranean countries.
Regarding Israel's geographic location at an intercontinental crossroads, we point out that Israel is wholly nested within the Palaearctic realm, and as such may not be as unique a biogeographic (rather than purely geographic) transition zone as has sometimes been claimed. Israel is a little far removed from the actual boundary of the Afrotropical and Palaearctic realms, and is far away from the Oriental realm. Furthermore, while we acknowledge that placement within a transition zone is highly likely to promote phylogenetic or ecological diversity, we are unaware of studies suggesting it should also promote high species richness above and beyond influencing beta diversity. Faunal interchange has often been thought to promote extinction, rather than diversity (e.g., Vermeij, 1991) , and thus it may be that the notion that Israel's location would mean increased diversity may be incorrect.
Israel's local species diversity (alpha diversity) has never been praised as unique. In fact, Werner (1987) and Kelt et al. (1996) , who studied lizards and small mammals (respectively) in Israeli deserts, state that the alpha diversity in this region is actually relatively low. Israel has been claimed to have a high regional diversity because of its biogeographic location, its high soil, climatic and altitudinal diversity, and its particular geological history (Tchernov and Yom-Tov, 1988 ). These and other factors were suspected to lead to a high habitat heterogeneity, which in turn would lead to high species richness. In our research we examined neither alpha nor beta diversity; however, we do not find that their assumed manifestation in gamma diversity leads Israel to be exceptionally species rich.
The results of the current study echo the thoughts of Henry Baker Tristram while visiting this region nearly a century and a half ago:
Though Palestine boasts in its productions neither the tropical splendour of India nor the gorgeous luxuriance of Southern America, yet from its fowls of the air are drawn for us our lessons of faith and trust, from the flowers of its fields our lessons of humility. (Tristram, 1865, Preface, p. vi 
